Introduction
Helicobacter pylori infects approximately half of the human population, causing gastritis. 1, 2 In some individuals infection leads to the development of gastric or duodenal ulcers, gastric mucosal-associated lymphoid tissue lymphoma or gastric adenocarcinoma.
3
H. pylori are found attached to mucous cells of the human stomach, or in the mucous layer. 4, 5 Although H. pylori is highly susceptible to antimicrobial agents in vitro, 6-10 they are not easily eradicated by mono-antibiotic therapy in vivo. 11 Consequently, eradication of H. pylori requires the use of combination antibiotic therapies for eradication. The Canadian Consensus suggests 'triple' eradication regimes be employed using a proton-pump inhibitor, amoxycillin and clarithromycin, the latter being preferable to metronidazole since in some areas of Canada up to 40% of H. pylori are metronidazole resistant. 12 There are a number of potential reasons why antibiotic susceptibility may be greater in vitro than in vivo. It is possible that some antibiotics do not achieve an appropriate MIC in the mucus, fundus or corpus, or that concentrations reached do not remain high enough for a sufficient amount of time. The antibiotic may be inactivated by the acidic environment of the stomach or may be removed too soon due to stomach emptying. 11, 13, 14 Traditional MIC studies result in the bacteria being incubated with antibiotic until the colonies grow up, which for H. pylori is several days. This is very different from the in vivo situation. In addition, the attached and free-floating counterparts of a variety of bacteria, including H. pylori, have been shown to possess morphological and biochemical differences, 15, 16 and it is possible that this diversity could influence antibiotic susceptibility in vivo and in vitro. For example, adherence of H. pylori to gastric epithelial cells in vitro stimulates the transcription of ice(A1) (induced by contact with epithelium). equivalent to the in vivo situation, it is possible that these MIC studies are not physiologically relevant. Therefore, models that mimic the in vivo situation may be better suited for MIC determinations of H. pylori, particularly since bacteria grown in vivo have shown altered antibiotic susceptibility. 18, 19 Megraud and coworkers 20 developed a model for measuring the antibiotic susceptibility of HEp-2-attached and free-floating bacteria. Their data indicated increased amoxycillin susceptibility for free-floating H. pylori compared with attached counterparts. The goal of this study was to duplicate the results of Megraud et al. with amoxycillin and extend them to clarithromycin, after modifying their model so that free-floating and attached H. pylori were treated in a more similar manner, before and after incubation with antibiotic. A large number of controls were also performed to ensure that H. pylori and tissue culture cells were not detrimentally affected and maintained their viability during the course of the experiment. Contrary to the previous study, using this modified method, HEp-2-adherent and planktonic H. pylori were found to possess equal resistance to amoxycillin, and this observation extended to the antibiotic clarithromycin.
Materials and methods

Bacterial strains
The amoxycillin-and clarithromycin-susceptible H. pylori strains 26695, 21 UA1182 (University of Alberta clinical isolate), 1832, CP22 (Neose clinical isolates), 22 CCUG18943, CCUG19104 and CCUG19110 (Culture Collection, University of Goteborg) were used (amoxycillin was from Sigma, St Louis, MO, USA; clarithromycin was from Abbott, Mississauga, Ontario, Canada). The identity of the cultures was verified by testing for urease, 23 oxidase and catalase activities, 24 and by phase-contrast light microscopy for unique morphological characteristics. Bacteria were stored at -80ЊC in 3.7% brain-heart infusion media (BHI; Difco, Detroit, MI, USA), 0.5% yeast extract (YE; Difco), and 15% glycerol until use. H. pylori were grown on BHI/YE agar plates with 5% horse serum (Hyclone Laboratories, Logan, UT, USA) and 15 mg/L vancomycin (Eli Lilly, Indianapolis, IN, USA) and 15 mg/L amphotericin B (Sigma). Plate-grown cultures were incubated in jars in the presence of balanced nitrogen with 5% CO 2 and 5% H 2 , or with a Campylobacter gas generating kit with platinum catalyst (Oxoid, Basingstoke, UK), resulting in a residual O 2 concentration of 6% with 10% CO 2 . Bacteria were passaged only twice before their use for antibiotic susceptibility testing.
Tissue culture
Human gastric adenocarcinoma [AGS; American Type Culture Collection (ATCC) CRL-1739], human epidermoid larynx carcinoma (HEp-2; ATCC CCL-23) and human duodenal adenocarcinoma (Hutu-80; ATCC HTB-40) tissue cell lines were used. Tissue culture cells were thawed from frozen stock at room temperature (90% culture medium and 10% dimethylsulphoxide; Sigma) every 20 passages to decrease the potential for age-related changes during the course of our experiments. 25 This was done by diluting thawed cells 1:10 in tissue culture media, pelleting cells at 300g for 5 min, and resuspending the pellet in tissue culture media. The growth medium was Ham's F12 (Gibco-BRL, Burlington, Ontario, Canada) for AGS, and minimum essential medium with Earle's salts (MEM; Gibco-BRL) for HEp-2 and Hutu-80. Ten per cent fetal bovine serum (FBS; Hyclone Laboratories) was added before use. Tissue culture cells were incubated in a tissue culture incubator with 5% CO 2 at 100% humidity. Cells were detached from plates by incubating with 0.25% trypsin for 3-5 min. As necessary, cells were counted using a haemocytometer after addition of trypan blue to a final concentration of 0.04%.
Antibiotic susceptibility testing
HEp-2 cells were used for studies with adherent H. pylori and split at 2.0 ϫ 10 5 cells/well and incubated overnight to allow for adherence. The number of cells doubled during this period and there were 4 ϫ 10 5 HEp-2 cells present in each well at time 0. The medium was removed and replaced with 1.8 mL equilibrated tissue culture medium the day of the experiment. H. pylori were routinely cultured from frozen on BHI/YE agar plates, as previous studies have demonstrated that growth in liquid culture reduces the frequency of the epithelial cell-adherent phenotype by 50%. 22 The bacteria were grown for 2-3 days, subcultured to new plates, and grown for an additional day before use. Various epithelial cell lines have been shown to support binding of up to 250 H. pylori organisms per individual epithelial cell. 26, 27 However, we selected a multiplicity of infection of 10 to keep H. pylori numbers low enough that by the end of the experiment very little cytotoxicity had occurred, yet high enough that it would be possible to measure the killing effects of a range of antibiotic concentrations on H. pylori. To do this, the bacteria were resuspended in BHI/YE and the optical density at 600 nm (OD 600 ) was measured after dilution. Subsequently, the bacteria were diluted in BHI/YE to OD 600 s of 4 and 0.4, and 200 L was added to wells with or without HEp-2 for attached and free-floating experiments, respectively. Attachment of H. pylori to HEp-2 was allowed to proceed for 1 h as numerous studies have demonstrated that attachment of H. pylori to tissue culture cells occurs within this time frame (J. L. SimalaGrant, R. Sherburne & D. E. Taylor, unpublished data). [27] [28] [29] Plates with free-floating H. pylori were also stored in the tissue culture incubator in 5% CO 2 , 100% humidity for 1 h to ensure that the conditions for the two sets of experiments were as similar as possible. In the attached experiment, after the 1 h allotted for adherence, any free-floating H. pylori were removed by washing the tissue culture monolayer three times with MEM/10% FBS/10% BHI/YE. Antibiotic was added to wells from 1000-fold concentrated stocks in BHI (0.001, 0.01, 0.1 and 1 g/L amoxycillin, and 0.0025, 0.0075 and 0.01 g/L clarithromycin). At time 0, 2, 6 and 24 h, the wells were scraped (with a slice of rubber glued to a needle) to remove attached HEp-2 and H. pylori, and the medium was removed. The antibiotic must be removed from both freefloating and adherent bacterial samples before plating. To maintain consistency between the free-floating and attached experiments, antibiotic was removed from bacterial samples by replacement of the medium with BHI/YE twice after centrifugation at 8160 relative centrifugal force in a microcentrifuge for 10 min, a step found to have no detrimental effect on bacterial viability. The samples were resuspended, diluted in duplicate and plated in triplicate. The plates were incubated for up to 10 days, and plates with Ͼ10 and Ͻ350 colonies were counted and used for subsequent analysis. The minimum number of viable H. pylori that could be measured in a sample accurately was 200 cfu, since 0.1 mL of each 2 mL sample was plated.
Results
We demonstrated that none of the steps employed in the model system used to measure the antibiotic susceptibility of attached and free-floating H. pylori was detrimental to the viability of the bacteria or tissue culture cells (see below and Materials and methods).
Choice of H. pylori for use in susceptibility experiments
Four strains of H. pylori (26695, 1182, 1832 and CP22) were examined for their cfu/OD 600 , growth characteristics, propensity to clump, binding to tissue culture wells and cytotoxicity to tissue culture cells to determine their suitability for use in antibiotic susceptibility experiments.
Since it was important to be able to add a precise and similar number of H. pylori cells for each experiment, the number of H. pylori cfu/OD 600 was determined. Numerous trials revealed plate-grown H. pylori strains 26695, 1182, 1832 and CP22 to possess an average of 2 ϫ 10 8 cfu/OD 600 . Visualization of bacteria under the light microscope revealed that essentially all bacteria were spiral shaped and motile.
Epithelial cell lines and H. pylori each grow optimally under different culture conditions. Cell culture medium is formulated to maintain pH 7.2 in a tissue culture incubator (5% CO 2 , 100% humidity), but we found that it becomes too alkaline (pH 7.8) for use with mammalian cells or H. pylori when equilibrated in a microaerobic environment (balanced N 2 , 5% CO 2 , 5% H 2 ) optimized for growth of H. pylori. Fortunately, we found that H. pylori survive and grow for at least 24 h (the time required to complete an antibiotic susceptibility testing experiment) in tissue culture medium (MEM with 10% FBS) supplemented with 10% BHI/YE maintained in the tissue culture incubator. The 'no antibiotic' curves in Figures 1-3 demonstrate that H. pylori incubated under these conditions divide rapidly after a short lag phase.
To examine the propensity of bacteria to aggregate, each H. pylori strain was diluted to 10 6 , 10 7 or 10 8 cfu/mL, incubated in cell culture medium in the tissue culture incubator for 24 h, and then examined by phase-contrast microscopy. All strains of H. pylori showed some propensity to aggregate (clumps of from two up to hundreds of bacteria) at 10 8 cfu/mL. Clumping was substantially diminished, with essentially all H. pylori found as single cells, at 10 6 and 10 7 cfu/mL for 1182, 1832 and 26695. However, the propensity for CP22 to form clumps was so great that this strain was eliminated from use in antibiotic susceptibility testing experiments. These results indicate that whichever strain is selected, the cfu/mL should be kept below 10 7 . We also examined the tendency of the four H. pylori strains to adhere non-specifically to tissue culture wells, using phase-contrast microscopy. Only H. pylori 1182 showed a high propensity for binding to the tissue culture wells, and thus this strain was eliminated for use in the antibiotic susceptibility experiments.
We investigated the effect of various densities of each strain of H. pylori on each of the tissue culture cell lines of interest. H. pylori 26695, 1182, 1832 and CP22 were diluted to 10 6 , 10 7 or 10 8 cfu/mL and incubated with AGS, HEp-2 or Hutu-80 grown on coverslips for 24 h. The coverslips were then viewed by phase-contrast microscopy. At 10 8 cfu/mL 26695 caused vacuolization in all cell lines, and 1832 caused vacuolization in Hutu-80. However, cytotoxicity decreased as the cfu/mL were decreased. At 10 6 cfu/mL, 26695 caused vacuolization in AGS and Hutu-80, while 1832 caused vacuolization in Hutu-80. These observations suggested that strain 26695 should not be used with AGS or Hutu-80, or strain 1832 with Hutu-80 in the antibiotic susceptibility experiments for attached H. pylori, but that other pairings would be acceptable.
As a result of all the observations listed above, H. pylori strain 26695 was selected for use in antibiotic susceptibility experiments.
Removal of non-adherent H. pylori
We determined the number of washes necessary to remove non-adherent H. pylori from tissue culture wells containing confluent HEp-2 cells. Eighty-three and 5% of the cfu were found in washes one and two, respectively, while Ͻ0.5% of added bacteria were found in the third wash. These observations indicate that three washes are sufficient to remove non-adherent H. pylori. This confirmed previously published results. 30 
Percentage of H. pylori competent for attachment to Hep-2
The same number of attached and free-floating bacteria should be present in the attached and free-floating antibiotic susceptibility experiments when antibiotic is added. We found c. 10% of plate-grown H. pylori to be competent for attachment to HEp-2, a percentage not substantially affected by the multiplicity of infection in the range of 0.1-20. This result indicated that 10 times more H. pylori needed to be added in the attached experiment, so that at time 0, after washing to remove non-adherent H. pylori, the same number of bacteria would be present as in the experiment examining antibiotic susceptibility of free-floating H. pylori.
Since H. pylori divide during the 24 h incubation with tissue culture cells (see Figures 1-3) , it was necessary to determine whether the progeny formed during this time were competent for attachment. If, for example, only 10% of progeny in cell culture medium were competent for attachment, the experiment would not provide an accurate measurement of antibiotic susceptibility of attached bacteria at the 24 h time point, as free-floating bacteria would outnumber the attached bacteria. To address this concern, H. pylori 26695 were incubated with HEp-2, and the nonadherent bacteria were removed by washing. After 24 h, the samples in the wells were either plated directly to determine the total number of bacteria present (6.52 Ϯ 0.709 ϫ 10 6 cfu), or washed three times to remove non-adherent bacteria and then plated (5.97 Ϯ 1.52 ϫ 10 6 cfu). Surprisingly, all bacteria present at 24 h were attached to HEp-2. This indicated that the experiment measuring antibiotic susceptibility of attached H. pylori would not be confounded by free-floating H. pylori at any point up to 24 h.
Effect of HEp-2 disruption technique on H. pylori cfu
Since the antibiotic susceptibility experiment requires the binding of multiple H. pylori per tissue culture cell, the tissue culture cells must be disrupted to ensure each H. pylori results in one colony. Tissue culture cells have been demonstrated to be lysed with 0.1-1% Triton X-100, 28, 31 distilled water 25, 32 and homogenization. 20 We examined the effect of 0.1% Triton X-100, distilled water for 10 min or Ultraturax homogenization for up to 6 s on H. pylori cfu recovery. No cfu were recovered after exposure to Triton X-100. In contrast, no cfu were lost after homogenization or exposure to distilled water. Nonetheless, we found that with multiplicities of infection Ͼ1 (i.e. 3.2), samples with homogenization (1.47 Ϯ 0.27 ϫ 10 6 cfu) and no homogenization (2.58 Ϯ 0.69 ϫ 10 6 cfu) resulted in approximately the same number of cfu. This indicates that the tissue culture cells were disrupted during the dilution and spreading steps making a specific disruption technique (i.e. homogenization) unnecessary.
Effect of exposure of H. pylori to ambient concentrations of oxygen
Since it takes a finite amount of time to dilute and spread the samples from each time point when exposing the H. pylori to oxygen in ambient air, H. pylori were incubated in tissue culture media in the CO 2 incubator at 37ЊC for 24 h, and then diluted and spread immediately, or exposed to air for 2 h before dilution and spreading. For the sample diluted and spread immediately, 1.93 Ϯ 0.54 ϫ 10 8 cfu/mL were recovered, and 1.83 Ϯ 0.25 ϫ 10 8 cfu/mL after the sample had been exposed to air for 2 h. This result indicated that if the samples are plated within 2 h after recovery at an experimental time point, there would be no loss in H. pylori cfu. As antibiotic is removed at an earlier step, any lag in dilution and spreading does not result in increased exposure to antibiotic.
Antibiotic susceptibility testing of attached versus freefloating H. pylori 26695
The results of one representative experiment of the susceptibility of free-floating and attached H. pylori strain 26695 to amoxycillin (Figure 1 ) and clarithromycin (Figure 2) are shown. Both adherent and free-floating H. pylori remained viable and, in fact, divided at concentrations of р0.01 mg/L amoxycillin and р0.0025 mg/L clarithromycin, and were killed to the same extent at higher antibiotic concentrations. These results demonstrate that H. pylori adherent to epithelial cells do not differ from H. pylori suspended in cell culture medium with respect to susceptibility to amoxycillin and clarithromycin. The small differences in the slopes in Figures 1 and 2 are not significant.
Comparison of antibiotic susceptibility using CCUG H. pylori strains
To confirm that the identical susceptibilities to amoxycillin and clarithromycin for free-floating and attached H. pylori strain 26695 was not strain specific, we determined amoxycillin susceptibility of free-floating and HEp-2-attached CCUG18943, CCUG19104 and CCUG19110. The results from one representative experiment are shown. We observed no significant difference in amoxycillin susceptibility for free-floating or attached CCUG19104 (Figure 3 ) CCUG18943, CCUG19110 and 26695 (data not shown).
Discussion
We elected to examine amoxycillin susceptibility since the effect of this antibiotic on attached and free-floating H. pylori was examined previously by Megraud et al. 20 We then proceeded to examine clarithromycin susceptibility as this is the second antibiotic recommended in 'triple therapy' eradication regimes. 12 The results reported here show that the amoxycillin and clarithromycin susceptibilities of attached and free-floating H. pylori are virtually identical. Thus, adherence of H. pylori to mammalian tissue culture cells does not appear to confer increased antibiotic resistance on the bacteria. These results indicate that use of anti-adhesin compounds in treatment regimes along with antibiotics, to detach H. pylori from the stomach mucous cells, and thus increase antimicrobial susceptibility, is not feasible, although anti-adhesin compounds may still be useful in the eradication of H. pylori. Accordingly, an alternative explanation must be found to rationalize the wellknown resistance of H. pylori to single antibiotic treatment regimes in the face of in vitro MIC results for clinical isolates showing antibiotic susceptibility. One such explanation has been proposed by Cooreman et al., 14 who showed that amoxycillin was delivered at MBC in the stomach mucus layer in less than half of the patients examined, and when present at the MBC, remained at the MBC for Ͻ60 min. Moreover, the antibiotic did not even reach MBC in the fundus and corpus regions of the stomach. These results emphasize that the agar dilution method, although allowing a relative comparison between resistant and susceptible strains, does not equate with in vivo eradication by current drug regimes. More studies are needed to determine whether antibiotics are reaching the MBC in vivo, at which time the concentration of antibiotic found in the stomach after a typical dose can be compared with the clarithromycin susceptibility data reported here and future susceptibility results generated using this model, to indicate whether antibiotic is reaching the MBC in vivo for long enough.
Whether or not decreased growth rate of H. pylori in a specialized niche in vivo may explain unexpected difficulty in clinical eradication of the organism has not been examined. Decreased growth rate of other bacteria in biofilms has been shown to play a role in increased antibiotic resistance. 18, 19 If decreased growth rate of H. pylori was demonstrated in vivo, the effect of decreased growth rate on H. pylori antibiotic susceptibility could be examined in vitro using a chemostat to regulate growth rate. 33 The antibiotic susceptibility results reported here are different from those reported by Megraud et al. 20 Their study showed decreased amoxycillin susceptibility for attached H. pylori. This was most apparent at the 6 and 24 h time points of the killing curves. We studied strain 26695, and compared it with strains CCUG18943, CCUG19104 and CCUG19110, the latter three employed by Megraud et al., 20 in order to eliminate the possibility that differences in experimental outcomes could be due to strain-specific effects. Megraud et al. 20 reported 1000-fold fewer cfu for free-floating bacteria under their experimental conditions at 24 h after exposure to 0.001 mg/L amoxycillin for CCUG18943, CCUG19104 and CCUG 19110, and this was the data point at which the greatest difference was observed between attached and free-floating organisms. As a result we elected to examine the same data point, as any difference between attached and free-floating bacteria would be most obvious under these conditions. There are, however, a number of possible explanations as to why the results reported here differ from those of Megraud et al. 20 Virulence factors of H. pylori, like those of other bacteria, are tightly regulated and their expression often depends on temperature, growth conditions, partial O 2 pressure and host characteristics. 34 Adherence of H. pylori to sulphatide, 35, 36 heparin 37 and tissue culture cells has been observed to increase with a decreased pH. 32 In addition, the lipopolysaccaride structure of H. pylori has been shown to be dependent on the pH of the medium. 38 Adherence of H. pylori to Lewis B 39 and extracellular matrix proteins 40 has been shown to be greater when the bacteria are in stationary phase, and plate-grown bacteria have been shown to bind better to sialic acid 41, 42 and heparin 43 than liquid-grown H. pylori. The results reported here may differ from those of Megraud et al. 20 because of differences in H. pylori growth phase, growth conditions, pH of growth medium, phase variation of bacterial strains or partial O 2 pressure used.
Each step in our experimental protocols was carefully studied, and appropriate controls were performed before selecting the procedure to be followed. For example, our control experiments demonstrated that tissue culture medium equilibrates at a rather high pH (7.8) in microaerobic jars. It appears that Megraud et al. 20 performed their incubations in a microaerobic jar where the cell culture medium may have become alkaline. 20 Stressed cells have been observed to demonstrate aberrant MICs, 6 thus if non-adherent H. pylori are more susceptible to the increased pH of the medium in the microaerobic jar, this effect may explain the differences in observed results. Examination of the no antibiotic curves in Figures 1 and 2 reveals that H. pylori incubated in the absence of antibiotic are clearly dividing exponentially in our experiments. This observation provides further evidence that our culture conditions differ from those of Megraud et al., 20 where they observed only a doubling in H. pylori cfu in 24 h. Thus the H. pylori in Megraud et al.'s experiments may have been in a stressed condition.
Our procedures differed from those of Megraud et al. in other respects as well, in that we adjusted our protocols to minimize differences in handling of attached and freefloating bacteria. For example, a 1 h incubation was included for the free-floating bacteria to mimic the time required for binding of adherent bacteria to cell monolayers. Also, we removed antibiotic from attached and freefloating bacteria by the same centrifugation method.
A number of factors were considered when selecting which H. pylori strain to use. The H. pylori strain selected did not show a propensity to clump, as it was important to ensure that experiments examining attached bacteria were in fact employing single attached bacteria rather than a clump of bacteria attached by one or several H. pylori. In addition, since the readout to determine viable bacteria is by colony count in these experiments, it was necessary to ensure that the results were not confounded by a tendency for bacteria to clump (i.e. 1 cfu must equal one H. pylori, not one clump of bacteria). Furthermore, the strain of bacteria selected did not adhere to the plastic culture wells, ensuring that bacteria not removed by washing in experiments examining the antibiotic susceptibility of attached H. pylori had, in fact, adhered to tissue culture cells. Moreover, since some strains of H. pylori have been observed to cause vacuolization in tissue culture cell lines, 44, 45 we selected a strain that did not cause vacuolization of the tissue culture cell line chosen.
There are a number of gastric carcinoma cell lines, including Kato-III 46 and AGS; however, the larynx carcinoma cell line HEp-2 was selected for use for a number of reasons. HEp-2 is a hardy adherent cell line whose growth is confluent. Unlike AGS, HEp-2 remain attached for Ͼ48 h, as well as during the washing steps necessary to remove non-adherent H. pylori. If HEp-2 are split at 2.0 ϫ 10 5 cells/well (6-well), they are almost confluent at 24 h (time 0), and do not detach to any great extent by 48 h (time 24 h). Most importantly, HEp-2 was the cell line used by Megraud et al., 20 and use of the same cell line allows for comparison with their published results. Use of a different cell line would make comparison of these two sets of results difficult if not impossible.
Pilot experiments revealed that only 10% of plate-grown H. pylori were competent for attachment. These results are similar to those of Fauchere & Blaser, 47 who found that the mean percentage of the original innoculum bound to HeLa cells did not vary markedly (3-14%) when the bacteria:cell ratio varied between 10 2 and 10 5 . Nonetheless, we found that all progeny of adherent H. pylori generated during the course of the experiment were competent for attachment. One possible explanation for this observation is that H. pylori may be competent for adherence only before stationary phase, and a large portion of plate-grown bacteria may have already passsed the exponential growth phase. Alternatively, the population of cells may be heterogeneous genetically or epigenetically, such that selection for adherent bacteria leads to subsequent growth of a subset of the original bacterial population.
The model system reported here is an improvement over traditional MIC studies since it allows measurement of the antibiotic susceptibility of both attached and free-floating H. pylori, and the time of incubation with antibiotic can be varied. The controls performed here demonstrate that the steps involved are not detrimental to the viability of H. pylori or tissue culture cells. Using this model it is possible to incubate H. pylori with antibiotic over a wide range of time periods, thus, after determination of the length of time a drug is found at the MBC in the mucous layer of the stomach it would be possible to incubate the bacteria with antibiotic for this length of time. This is not possible with the traditional agar dilution method, where the bacteria are exposed to antibiotic until colonies grow up. Nonetheless, traditional MIC studies are preferable, and confidence in results obtained can be maintained when a comparison is to be made between susceptible and resistant strains, as traditional MIC studies are much more easily performed, and our results indicate that attachment of H. pylori does not increase the resistance to antibiotics as reported previously. 20 This model, although it differs from the in vivo situation as it does not incorporate peristalsis, provides additional useful features compared with traditional MIC testing. It could be modified further to incorporate a mucous layer to determine how this affects the susceptibility of H. pylori to antibiotics. A mucous layer has been mimicked previously, employing methylcellulose when examining Campylobacter jejuni. 48 
